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ABSTRACT
The Directigen Flu A+B enzyme immunoassay
and the Abbott TestPack RSV enzyme immuno-
assay were each compared with a multiplex
RT-PCR ELISA by testing 635 nasopharyngeal
aspirates collected from children aged < 16 years
who had been hospitalised with acute respiratory
tract infection during the epidemic season
2002–2003. In this study, the sensitivity of the
Directigen Flu A+B assay was unacceptably low
(29.3% and 10.0%, respectively) for the detection
of inﬂuenza A and B viruses. The sensitivity of the
Abbott TestPack RSV assay (77.4%) was accep-
table and in agreement with the multiplex
RT-PCR ELISA.
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Inﬂuenza virus and respiratory syncytial virus
(RSV) are the most common of the highly conta-
gious respiratory pathogens, and are responsible
annually for considerable morbidity and mortality
[1]. Rapid diagnosis of respiratory tract infection is
important for focused and timely therapeutic
intervention, for hygiene measures and for iden-
tiﬁcation of outbreaks [2]. Anti-inﬂuenza virus
medications are most effective when they are
given within 48 h of the onset of symptoms [3].
The present study evaluated the Directigen Flu
A+B enzyme immunoassay (EIA) (Becton Dickin-
son, Heidelberg, Germany) for the detection and
differentiation of inﬂuenza A and B viruses, and
the Abbott TestPack RSV EIA (Abbott Laborator-
ies,Wiesbaden, Germany) for the detection of RSV.
These two assayswere comparedwithin a network
for acute respiratory tract infection in children
(PID-ARI.net,http://www.pid-ari.net)withamul-
tiplex (m)-RT-PCR ELISA which detects 19 patho-
gens, including inﬂuenzaAvirus, inﬂuenzaBvirus
and RSV. The latter test is an advanced m-RT-PCR
ELISA based on a validated m-RT-PCR ELISA
method [4] for the detection of nine pathogens [5].
In a prospective study, 635 specimens were
collected during the epidemic season 2002–2003.
Specimens were exclusively nasopharyngeal
aspirates from patients aged 0–16 years (median
2.25 years) admitted to the Department of Paedi-
atrics, Johannes Gutenberg University, Mainz,
with acute community-acquired lower respiratory
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tract infections, deﬁned as infections below the
glottis. Specimens were collected following
admission and brought directly to the laboratory,
and were either processed immediately (during
working hours) or stored at 4C (after working
hours) until the next working day. Specimens
were aliquoted with appropriate precautions
under a laminar airﬂow. One aliquot of each
sample was sent directly to the cooperating
laboratory in Kiel to be tested by m-RT-PCR
ELISA, and a second aliquot was used directly for
the detection of RSV and inﬂuenza A and B
antigens by the EIA kits. Between 1 January and 30
June 2003, the aliquots from 299 patient specimens
were tested with the rapid test for inﬂuenza virus
and the m-RT-PCR ELISA in parallel, while 481
patient specimens were tested with the rapid test
for RSV and the m-RT-PCR ELISA in parallel
between 1 July 2002 and 30 June 2003. The
agreement of the kappa-statistics was classiﬁed
according to Byrd [6] as: 0.93–1.0 excellent; 0.81–
0.92 very good; 0.61–0.80 good; 0.41–0.60 satisfac-
tory; 0.21–0.40 slight; 0.01–0.20 weak; £ 0 no
agreement. Statistical analysis was performed
using SPSS v. 10.0 (SPSS Inc., Chicago, IL, USA).
As shown in Table 1, inﬂuenza viruses were
identiﬁed in 17 of 299 specimens by Directigen
Flu A+B EIA (14 inﬂuenza A; three inﬂuenza B),
whereas the m-RT-PCR ELISA detected inﬂuenza
viruses in 61 specimens (41 inﬂuenza A; 20 inﬂu-
enza B). Among the latter 61 specimens, inﬂuenza
A was identiﬁed in 12 and inﬂuenza B in two by
EIA (kappa value 0.39 for inﬂuenza A and 0.16 for
inﬂuenza B). For discrepancy analysis, two single-
primer RT-PCR ELISAs [4,5], which amplify only
inﬂuenza A or inﬂuenza B, respectively, were
used with specimens yielding a positive EIA and
a negative m-RT-PCR ELISA result, but no virus
was identiﬁed. Therefore, the EIA results for these
three specimens were regarded as false-positive
for inﬂuenza. As described by Puppe et al. [4], the
risk of contamination for inﬂuenza A and RSV in
the m-RT-PCR is very low, making false-positive
m-RT-PCR results unlikely. Thus, the sensitivity
of the Directigen Flu A+B EIA for inﬂuenza A
compared with the m-RT-PCR ELISA was 29.3%,
while the speciﬁcity was 99.2%, with a positive
predictive value (PPV) of 85.7% and a negative
predictive value (NPV) of 89.8%. For inﬂuenza B,
the sensitivity of the Directigen Flu A+B EIA
compared with the m-RT-PCR ELISA was 10.0%,
while the speciﬁcity was 99.6%, with a PPV of
66.7% and an NPV of 93.9%.
TheAbbott TestPackRSVEIAdetectedRSV in 57
of the 481 specimens, while the m-RT-PCR ELISA
detected RSV in 62 specimens (kappa value 0.78)
(Table 1). Nine specimens that were positive in the
EIA and negative in the m-RT-PCR ELISA were
retested by a single-primer RT-PCR ELISA ampli-
fying only RSV, but no RSV was detected. Accord-
ing to the kappa statistics [6], the EIA compared
well with the m-RT-PCR ELISA for RSV, with a
sensitivity of 77.4%, speciﬁcity of 97.9%, PPV of
84.2% and NPV of 96.7%. This sensitivity is
comparable to other sensitivities reported previ-
ously for this and other rapid diagnostic immuno-
assays forRSV,whichvary from57% [7] to 98% [8],
but the sensitivity and speciﬁcity are lower than
those of the m-RT-PCR ELISA (90% and 100%,
respectively) [4]. Sensitivities of 90–97% have been
reported for other RSV PCR techniques [9,10].
Abels et al. [11] reported a sensitivity and specif-
icity of 63% and 66%, respectively, for the Abbott
TestPack RSV EIA, with a false-positive rate (18 of
134 specimens; 13%) that was higher than that
observed in the present study (nine of 481; 1.9%)
with the RT-PCR result as the standard.
As shown in the present study, the rapid inﬂu-
enza EIA failed to detect most of the cases of
inﬂuenza detected by them-RT-PCR. The observed
low sensitivities for inﬂuenza A and B with the
DirectigenFluA+Bassay(29.3%and10.0%,respect-
ively) are in contrast to thoseofChan et al. [12],who
reported a sensitivity of 96% for inﬂuenza A and
87.5% for inﬂuenza B, but are more in agreement
with those of Cazacu et al. [13], who reported an
overall sensitivity of 43.83% for inﬂuenza A and B
detected with the same test. Published single-
primer RT-PCRs for inﬂuenza A have sensitivities
of 92–95% [14,15], which are comparable to those
Table 1. Comparison of multiplex (m)-RT-PCR ELISA and
commercially available enzyme immunoassays (EIAs) for
the detection of inﬂuenza A (Inf A), inﬂuenza B (Inf B) and
respiratory syncytial virus (RSV) (absolute numbers)
Virus EIA
m-RT-PCR ELISA
Kappa statistics jPositive Negative Total
Inf A Positive 12 2 14 0.39
Negative 29 256 285
Total 41 258 299
Inf B Positive 2 1 3 0.16
Negative 18 278 296
Total 20 279 299
RSV Positive 48 9 57 0.78
Negative 14 410 424
Total 62 419 481
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obtained with cell culture combined with immu-
noﬂuorescence [15], while sensitivities obtained
with rapid diagnostic immunoassays for inﬂuenza
A vary from 75% [16,17] to 100% [8,16,18].
It is accepted widely that PCR techniques are
superior to EIAs with regard to sensitivity and
speciﬁcity [18]. For a diagnosis when the preval-
ence of acute respiratory tract infection is low, i.e.,
outside the yearly epidemic season, EIAs have a
low PPV, and thus their use in diagnosis is
questionable. More accurate techniques, such as
PCR, should be used in diagnosis of virus
respiratory tract infections for epidemiological
research and intervention trials.
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